Introduction
The anterior byssal retractor muscle (ABRM) of Mytilus edulis has two different types of contraction, and these contractions are characterized by different rates of relaxation: phasic contraction is induced by altering current and the relaxation is complete for 40 or 50 seconds, while tonic contraction known as "Catch" is induced by acetylcholine (Ach) and the contraction of muscle is very sluggishly for several minutes. During the catch state, tension is maintained with very little energy output smaller than in phasic contraction[1, 2] and further there are neither signs of active state as detected by quick-release experiments [3, 4] nor those of electrical activity as detected by intracellular or extracellular electrode [5] . Some investigators have reported that the tonic contraction, catch may be maintained by an interaction between paramyosin filaments, resulting from a change of state of this protein present in the thick filament of the muscle cell in large amounts [6] [7] [8] . The muscle in the catch state can be relaxed by neural stimulation or by relaxing agent, serotonin or dopamine [9 -11] . Nevertheless, a number of fundamental questions concerning the catch mechanism remain to be answered. GOLDBERG et al. have reported that concomitant alterations at the characteristic rate of protein degradation occur in the contractile activity of skeletal muscle and the protein degradation is closely related to proteases localized in tissues or cells [12, 13] . The protein degradation in ABRM is also changed by adding Ach to the medium, artificial sea water (This experiment is now in progress .). In this study, we observed the effects of serine protease inhibitors, epsilon-aminocaproic acid (EACA), p-aminobenzamidine (PAB) and aprotinin in comparison with those of dopamine and serotonin, on the half-relaxation time in Ach-contracture of ABRM .
Materials and Methods
2.1. Animals Mytilus edulis L. was collected around the Sagami Bay , Japan. The animals were stored in aerated artificial sea water (AQUA SALZ, Nippon Jisei Sangyo Co., Ltd. Tokyo Japan) at 18°-23°C and used within a week of collection throughout these experiments.
2.2. Chemicals Acetylcholine hydrochloride was obtained from Daiichi Pharmaceutical Co., Ltd. Serotonin and p-aminobenzamidine hydrochloride from SIGMA. Epsilon-aminocaproic acid from Tokyo Kasei Kogyo Co., Ltd. 2.3. Procedures-The ABRM was dissected away. The muscle was carefully teased into bundles of about 0.5 mm in diameter and about 1.5 mm in length using glass needles and then connected to the Isotonic Transducer Model ME-4102 (Medical electronics commercial Co., Ltd. Tokyo). The isotonic contraction produced by Ach was amplified and recorded on ink-writing polyrecorder (ToA-Dempa Polyrecorder Model EPR-ST). After mounting the muscle in chamber, the muscle was bathed for 4 hours in artificial sea water (ASW) to be relaxed completely. ASW used in these experiments was composed of the following : 440 mM NaC1, 10 mM KC1, 10 mM CaC12, 50 mM MgC12 and pH was adjusted to 7.8 with 25 mM Tris buffer (trishydroxylamino methyl hydrochloride). Ach-contracture of ABRM was produced by adding Ach into the bath to give a final concentration of 10-5 M. ABRM with halfrelaxation time of 1026-1374 sec in the development of relaxation of Ach-contracture was used throughout these experiments. The half-relaxation time was measured according to the following procedures : when Ach-contracture of muscle reached its peak (maximal twitch), the muscle was transfered into another bath containing fresh ASW and then the time when maximal twitch reached half the twitch during development of relaxation was measured as the half-relaxation time of an experimental control.
To determine the effects of the relaxing agents on the half-relaxation time of Ach-contracture, the relaxing agents were added another fresh medium to give an appointed concentration, respectively. The statistically significant differences were evaluated by the Student t-test for paired observations. 3. Results 3.1. Effect of dopamine and serotonin on relaxation of Ach-contracture-Ach causes tonic contraction (Ach-contracture) of ABRM and the muscle is in the continual state of contraction after Ach has been washed out. The relaxation of Ach-contracture is slowly developed. Nevertheless, the relaxation is able to be rapidly developed by adding relaxing agent, dopamine and serotonin [11, 14, 15] . As shown in Table 1 , the relaxation rate of Ach-contracture of ABRM was dependent on the concentration of dopamine in the reimmersing medium. The effect of dopamine on the half-relaxation time of Ach-contracture was significantly different from that of control Ach-contracture at p>0.01 throughout these experiments (from 10-8 M dopamine to 10-5 M dopamine). The maximal twitch occurred at the almost constant rate after the rest interval (one hour) during the individual experiment. After all the testing, Achcontracture was recovered to the control level in both of the maximal twitch and halfrelaxation time. The relaxation rate of Ach-contracture was also dependent on the concentration of serotonin in the reimmersing medium with significant difference from control Ach-contracture in comparison of the half-relaxation time at p>0.01 throughout these experiments (from 10-8 M serotonin to 10-5 M serotonin). Also in these experiments, after all the testing, Ach-contracture was recovered to the control level in both the maximal twitch and half-relaxation time in the same fashion as the experiment indicated above. The effect of serotonin on the relaxation of Ach-contracture was greater than that of dopamine. 3.2. Effects of EACA, PAB and aprotinin on relaxation of Ach-contracture-As shown in Table 2 , EACA at the concentration ranging from 10-6M to 10-3M quickened the half-relaxation time progressively with significant differences from the control at p>0.01. However, the time was not able to be reduced by the above 5 x 10-4 M EACA and the effect of EACA on the half-relaxation time was dependent on the concentration of it. PAB at the concentration ranging from 10-6 M to 10-3 M also quickened the time progressively with significant difference from the control at p> 0.01, except 10-6 M PAB (in 10-6 M PAB, significantly difference from the control at p>0.05). The relaxing process of the Ach-contracture of muscle after adding PAB to the medium was similar to that after adding EACA to the same medium. Aprotinin at the concentration ranging from 50 U to 200 U quickened the half-relaxation time progressively with significant difference from the control at p>0.01, except 50 U aprotinin (in 50 U aprotinin, significantly different from the control at p >0.05). Also in these experiments, after all the testing, Ach-contracture of ABRM was recovered to the control level in both the maximal twitch and half-relaxation time in the same fashion as the above experiment in Table 1 . There are differences in the mode of action between dopamine, serotonin and protease inhibitors on the relaxation of Ach-contractured ABRM ; the former developed the relaxation abruptly, on the other hand, the latter developed the relaxation gradually.
Discussion
Serotonin and dopamine fully relax Ach-contracture in ABRM of Mytilus edulis and both the substances are found in Mytilus ganglia. Moreover, it is suggested that the substances may be transmitters released from the relaxing nerve [16] . Also in the present experiment, the half-relaxation time of Ach-contracture in ABRM was rapidly reduced by serotonin and dopamine. These results are consistent with those of other investigators [17, 18] . Serotonin and dopamine act on the same relaxing receptor, then low concentration of intracellular Ca2+ is induced, thus relaxing catch. These relaxing mechanisms are elegantly reviewed in details by TWAROG and MUNE-OKA [16] . As mentioned in the Introduction, the concomitant alteration of protein degradation occurs in the contractile activity of muscle. For example, in rat soleus, when the muscle is passively stretched and electrically stimulated, protein degradation is reduced [19] . The protein degradation is closely related to proteases localized in muscle [12, 13] . Protein degradation in Ach-contracture of ABRM is also more reduced than that at the resting state of ABRM (Data not shown, the experiment is now in progress). Thus, we tried to examine the effects of protease inhibitors, EACA, PAB and aprotinin on Ach-contracture of ABRM. Unexpectedly, however, the halfrelaxation time of Ach-contracture was reduced by these protease inhibitors employed. Of the protease inhibitors, EACA has an analogical molecular structure, which TWAROG and COLE have pointed out similar to a portion of the molecular structure of dopamine and serotonin required for these relaxing actions, as shown in Figure 1[11] . Nevertheless, the relaxing potency of EACA is much less than that of dopamine and serotonin, and further the other protease inhibitors, PAB and aprotinin have the Serotonin Dopamine EACA analogous relaxing potency to that of EACA over the relaxation of Ach-contracture of ABRM. Therefore, the relaxing action of protease inhibitors employed is not able to be attributed only to the structural problem as pointed out by TWAROG and COLE. During the tonic contraction, the viscosity of ABRM is remarkably raised [20] . Presumably, the increased viscosity in Ach-contracture of ABRM is reduced by protease inhibitors. In another consideration, since it is suggested that paramyosin may play a specific regulatory role in maintaining catch [21] , protease inhibitors may have an influence on the interaction between paramyosin, myosin and actin. In further consideration, limited Ca2±-dependent proteolytic cleavage of paramyosin has been demonstrated in molluscan muscle. Paramyosin is attacked at least by two proteases in the muscle and phenylmethansulfonyl fluoride inhibits the protease activity [22] . Protease inhibitors employed have an influence on paramyosin which plays a main role in maintaining prolonged contraction by Ach, and then as the secondary action those protease inhibitors may induced the relatively rapid relaxation of Ach-contracture of ABRM. In all cases, further experiments are necessary to solve the problem that protease inhibitors cause the more rapid relaxation than in the untreated Ach-contracture of ABRM.
Summary
The relaxing effects of protease inhibitors, EACA, PAB and aprotinin on the Ach-contracture of ABRM of Mytilus edulis were observed by measuring the halfrelaxation time of Ach-contracture in comparison with the effects of serotonin and dopamine on it.
1. Serotonin and dopamine rapidly relaxed Ach-contracture of ABRM. These effects were dependent on the concentration of those two agents and consistent with those of other investigators.
2. EACA, PAB and aprotinin relaxed Ach-contracture of ABRM, and showed the lower potency as compared with serotonin and dopamine in relaxing action. These effects were dependent on the concentration of those agents by 10-4 M, respectively. 
